Influence of Electroacupuncture on the Soft Tissue Healing Process  by Parmen, Valentin et al.
Available online at www.sciencedirect.com
Journal of Acupuncture and Meridian Studies
journa l homepage: www. jams-kp i .com
J Acupunct Meridian Stud 2014;7(5):243e249- RESEARCH ART ICLE -Influence of Electroacupuncture on the Soft
Tissue Healing Process
Valentin Parmen 1,*, Marian Taulescu 2, Ciprian Ober 1,
Cosmin Pestean 1, Liviu Oana 11 Department of Anaesthesiology and Surgical Propedeutics, University of Agricultural
Sciences and Veterinary Medicine, Faculty of Veterinary Medicine, Cluj-Napoca, Romania
2 Department of Pathology, University of Agricultural Sciences and Veterinary Medicine,
Faculty of Veterinary Medicine, Cluj-Napoca, RomaniaAvailable online 30 March 2014Received: Jan 22, 2014
Revised: Feb 28, 2014
Accepted: Mar 4, 2014
KEYWORDS
electroacupuncture*
pI
ht
Co(EA);
healing process;
rabbit;
soft tissueCorresponding author. Departmen
Medicine, Faculty of Veterinary Me
E-mail: valiparmen@yahoo.com (V.
SSN 2005-2901 eISSN 2093-8152
tp://dx.doi.org/10.1016/j.jams.201
pyright ª 2014, International PharmAbstract
The aim of this study was to determine the effect of bipolar electroacupuncture (EA) on a
soft tissue defect in rabbits. Ten clinically healthy New Zealand white rabbits were
divided into two groups: the control group (Group C, n Z 5) and the experimental (EA)
group (Group T, n Z 5). During neuroleptanalgesia, defects of soft tissue (skin and mus-
cle) were made at the dorsum site on the rabbits in both groups, and those defects were
stimulated using EA. The biopsy samples were collected on Day 2, Day 4, and Day 6, pre-
pared for histology, and examined microscopically. On the 2nd day, in Group C, the inflam-
matory degree was higher than it was in Group T; on subsequent days, low or identical
degrees of inflammation were observed in both groups. Proliferative fibrous activity
was increased on Day 4 for Group T and identical for both groups on Day 6. The dynamics
of the epidermal thickness were characterized by a high rate on Day 2, Day 4, and Day 6
for Group T. EA facilitates a low tissue mechanical stress and has a positive effect on the
healing of muscular defects. EA enhances the healing process, with no side effects.t of Anaesthesiology and Surgical Propedeutics, University of Agricultural Sciences and Veterinary
dicine, Cluj-Napoca 400372, Romania.
Parmen).
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acopuncture Institute.
244 V. Parmen et al.1. Introduction
The use of acupuncture in medical therapy is mostly based
on the analgesic and anti-inflammatory effects accom-
plished while the soft tissues are being stimulated by using
needles [1,2]. Soft tissues represent one of the most
important “bridges” between effects triggered by the
acupuncture needles and the nervous system.
Experimental studies on the use of electroacupuncture
(EA) in the healing process for tissues show contradictory
results with regard to improving and accelerating soft tissue
healing [3e6]. EA carried out on the soft tissues of dogs
immediately after surgical intervention, had no influence
on the degree of recovery [7]. The use of an EA stimulus on
different types of tissue was found to produce an unsatis-
factory outcome [8]. EA has been shown to have a signifi-
cant influence experimentally on the regeneration and the
reconstruction functions of nerves and muscles [9]. Current
studies show that the initial inflammatory response leads to
an influx of neutrophils and macrophages, which play a
crucial role in supplying cytokines of the growth factor and
nitric acid, thus determining the migration of keratinocytes
to the afflicted epithelium [10].
In this study, the authors used bipolar EA stimulation in
20-minute sessions; that is, the flow of electrical charge
was induced in two different predominant directions, by
manually switching the polarity. Even though modern EA
apparatuses are designed to emit a bidirectional stimulus
during the stimulation to avoid electrolysis, in some EA
apparatuses, the intensity of the electric stimulus is higher
for one direction of the electric charge, which causes more
charge to move in one direction. The higher motion of the
electric charge in one direction is responsible for the
preferential electric stimulation for that direction. The
effect of bipolar electric stimulation applied to a tissue
defect has not, to the best of the authors’ knowledge, been
mentioned in any other studies involving tissue defects.
This study involves the effect of bipolar EA in an
experimental study of soft tissue defects (skin and muscles)
in rabbits. The essential aim of this study was to demon-
strate the influence of bipolar EA on the skin and the su-
perficial muscular layer involved in the healing of a tissue
defect, by analyzing the importance of the inflammatory
process, fibrosis proliferation, and epithelial proliferation
in wound management.
2. Material and methods
This study was performed according to the guidelines on
the use of living animals in scientific investigations. All
experiments were approved by the Ethical Committee of
the Faculty of Veterinary Medicine, Cluj-Napoca, Romania
(No. 10473/24.07.2012).
The experiments were conducted using 10 2-year-old New
Zealand white rabbits (Micro-farm rabbits, Mr. Petru Pes-
tean, Cluj-Napoca, Romania) weighing between 2.5 kg and
2.8 kg. The rabbits were separated into two groups: five
rabbits in the experimental (EA) group (test group) and five
rabbits in the control group (NLA). Using rabbits ensured a
large skin area for the placements of both of the acupunc-
ture needles with a deep insertion (2 cm depth) and theelectrodes to monitor the physical parameters. Also, the
results obtained in rabbits can be extrapolated to other
species (e.g., horses). In rabbits, we managed to form ho-
mogenous groups based on genetic origin, age, weight, etc.
The clinical functions, including internal temperature (t,
C), heart activity (HR), and respiratory activity (R) were
recorded using an Infinity Delta system (Draeger Medical
Systems, Inc., Telford, USA). The EA device was an AWQ-
104E multipurpose electronic acupunctoscope (T.E.N.S.
(TENS PLUS IND. CO., Kln., Hong Kong)). Other equipment
required in this experiment included acupuncture needles
(Natural 0.2/25 mm (Shanghai Xinhua E-General Merchan-
dise Co., Ltd, Shanghai, China)), a biopsy instrument
4 mm F (Integra Miltex, Plainsboro, USA), anesthetics
(halothane, ketamine 50 mg/kg, intramuscular, and xyla-
zine 5 mg/kg, intramuscular), an antibiotic (enrofloxacin
5%, 5 mg/kg, subcutaneous (SC Pasteur, Romaˆnia)) and a
formaldehyde solution to preserve the biopsy samples.
The experimental plan was designed to ensure that
general anesthesia could be used to form tissue defects and
to collect biopsy samples in three different stages of the
wound healing (Day 2, Day 4, and Day 6). It also allowed
multiple tissue defects (3/rabbit), including skin and mus-
cle defects, to be formed in the rabbits and those defects
to be stimulated by EA treatments at the sites of the tissue
defects. Under the plan, biopsy samples were collected on
the 2nd day, 4th day, and 6th day of EA stimulation; two
histological staining techniques could be used to obtain
broad outlines of the cell structures and histopathological
examinations (skin and muscle) could be conducted to
assess the inflammatory degree, subepithelial prolifera-
tion, and epidermal thickness.
For both groups (control and test), neuroleptanalgesia
was essential for forming the tissue defects on the initial
day of the experiment, after the rabbits had been generally
anesthetized and for stimulating the defects by using EA.
Halothane as a general anesthetic was used in order to
collect the biopsy samples on Day 2, Day 4 and Day 6.
The experimental soft tissue defects were formed by using
abiopsy instrument tocut a round fragmentof skinandmuscle
tissue (4 mm diameter, 5 mm depth) (Fig. 1A). The topogra-
phies of the soft tissue defects were established para-
vertebrally (1.5 cm to themidline) on the dorsal thoracic area
between T1 and T8. An imaginary line through the needles
inserted at the three defects was parallel with the midline.
Soon after the defects had been formed, all defects were
flanked by two acupuncture needles. The settings of the EA
device and the local stimulation procedure for the soft tissue
were designed especially for this study (Table 1).
Tissue defects were not sutured. In both groups on the
same day, an antibiotic (enrofloxacin 5%) was administered
to prevent local infection. The biopsy samples were
collected on Day 2, Day 4, and Day 6 of EA stimulation.
Biopsy samples obtained from cutaneous defects were fixed
in 10% phosphate-buffered formalin solution for 24 hours,
embedded in paraffin wax, cut into 4 mm sections, and
stained with hematoxylin and eosin. Masson’s trichrome
staining was also used for collagen fiber evaluation. Three
slides from each biopsy sample were collected randomly,
and the cuttings involved intact tissue areas, including the
defect or only the intact tissue, from an area with a radius
of 0.3 cm surrounding the defect.
Figure 1 EA in a soft tissue healing experiment: (A) formation of soft tissue defects by using a biopsy instrument, (B) local EA
stimulation for defects no. 1 (T1-2), no. 2 (T5) and no. 3 (T8), and (C) EA stimulation.
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scope, and the pictures were obtained with an Olympus SP
350 digital camera. “Cell B” basic imaging software
(Olympus) was used for semiautomatic counting of the in-
flammatory parameters. The inflammatory infiltrate was
classified as Grade 0 (no inflammatory cells, or scattered
mast cells and lymphocytes/high power field (HPF)), Grade 1
(1e10 heterophils and macrophages/HPF), Grade 2 (11e30
heterophils and macrophages/HPF), and Grade 3 (>30 het-
erophils andmacrophages/HPF). Thefibrosiswas graded on a
4-point scale from 0 to 4: Grade 0 (no subepithelial fibrosis),
Grade 1 (mild fibrous tissue proliferation including the as-
pects of fibroblasts, collagen fibers, and capillaries), Grade 2
(moderate fibrous tissue proliferation in the dermis consist-
ing of fibroblasts, scattered collagen fibers, and several
capillaries having small diameters), and Grade 3 (severe
fibrous tissue proliferation in the dermis and deep layers
consisting of fibrocytes, several collagen fibers, and a few
capillaries having large diameters). The measurements of
both the inflammatory parameters and fibrosis were blinded.
Stream Basic software (Olympus) was used for the epidermal
thickness measurements.3. Results
The results of this study include morphopathologic and his-
tological assessments of tissue samples. Microscopic evalua-
tions carried out on Day 2 revealed an acute inflammatory
lesioncharacterizedbycutaneousnecrosis that affectedall of
the skin layers and was more severe at epidermal/dermal
levels, hyperemia, edema, moderate-to-severe fibrous tissue
proliferation (Grade 2/3), polymorphonuclear heterophils,
macrophages, acute vasculitis, and secondary thrombosis in
the dermis. In addition, the epidermis zone, where the area
corresponds to the tissue defect, was characterized by the
presence of a fibrin-leukocyte crust. Statistically, this stage
was characterized by the following differences (Tables 2 andTable 1 Details of the experiment including the settings of the
tissue.
Procedural characteristics required fo
1 Electroacupuncture device
2 Frequency (Hz)
3 Intensity (V)
4 Insertion of acupuncture needles
5 Stimulation time3). In the control group, the inflammatory grade repre-
sented by the standard deviation (s) was increased by 0.54
compared to that in the test group (sZ 0). Nomarked signs of
fibrous tissue proliferation were present in either group. The
average measured epidermal thickness was higher in the test
group than in the control group.
In assessing the second stage (Day 4), we observed the
dynamics of the histopathological aspects and found that that
the rabbits in both groups exhibited adecreased inflammatory
response (Grade 1/3), a discrete reparatory tissue process,
fibroblastic proliferation, rare collagen fibers, multiple cap-
illaries with small diameters, and irregular endothelial cells
with large vesicular nuclei. Statistically, this stage was char-
acterized by the following differences (Tables 2 and 3). The
inflammatory grade was considerably reduced in both groups
(s Z 0). The fibrous tissue proliferation grade and the
measured epidermal thickness were increased and higher in
the test group than in the control group.
On Day 6, the histological assessment revealed a mild
inflammatory process (Grade 1/3) characterized by hyper-
emia and inflammatory cells consisting of macrophages and
scattered heterophils. By contrast, the regenerative tissue
process was more significant than it was in the second
stage, being expressed by granulation tissue and, in some
areas, by a mature aspect of tissue with multiple collagen
fibers and mature large capillaries (Figs. 2e5). Statistically,
this stage was characterized by the following differences
(Tables 2 and 3). The inflammatory grade was similar to Day
4 for both groups. The fibrous tissue proliferation grade was
increased in both groups with an identical trend. The
average measured epidermal thickness was higher in the
test group than in the control group.4. Discussion
Wound healing refers to the ability of the body to recon-
struct soft tissues and is characterized by the processes ofelectroacupuncture device and local stimulation of the soft
r the study
AWQ-104E T.E.N.S. (bipolar)
80
2.0
1 cm to the tissue defect,
perpendicular insertion, and 2 cm depth
20 min (10 min Z , 10 min Z þ)
Table 2 Microscopic assessments of the inflammatory and the proliferative fibrous grades, including the mean (x), the
standard deviation (s), and the standard error of the mean (SE), in the control group (C) and the test group (T).
Group Inflammatory grade Proliferative fibrous grade
C T Rabbits C Rabbits T (EA) Rabbits C Rabbits T (EA)
Day 2 Day 4 Day 6 Day 2 Day 4 Day 6 Day 2 Day 4 Day 6 Day 2 Day 4 Day 6
C1 T1 2 1 1 2 1 1 0 1 2 0 2 3
C2 T2 3 1 1 2 1 1 0 1 3 0 1 3
C3 T3 3 1 1 2 1 1 0 2 3 0 2 2
C4 T4 2 1 1 2 1 1 0 2 3 0 1 2
C5 T5 2 1 1 2 1 1 0 1 2 0 2 3
The mean of the group (x) 2.4 1 1 2 1 1 0 1.4 2.6 0 1.6 2.6
The standard deviation (s) 0.54 0 0 0 0 0 0 0.54 0.54 0 0.54 0.54
The standard error of the
mean (SE)
0.24 0 0 0 0 0 0 0.24 0.24 0 0.24 0.24
EA Z electroacupuncture.
246 V. Parmen et al.regeneration and tissue repair [11]. The process of wound
healing comprises four distinct phases: hemostasis,
inflammation, proliferation, and tissue remodeling [12].
The hemostasis phase represents the first local reaction
of the tissue in a relatively short time (6e8 hours). The
aggressor factor and the tissue surface involved have a
major impact on this process. In normal conditions, there is
an initial vasodilatation followed by persistent vasocon-
striction over the duration of the inflammatory reaction.
In this study, soft tissue defects (skin and muscle)
resulted in minor local hemorrhages, requiring that a soft
tampon be placed on the open wound. During the experi-
ment and after EA stimulation, clinically, no difference in
excess local bleeding between the groups was recorded. EA
stimulation at a tissue defect initiated a vasoconstriction (3
minutes), followed by a local vasodilatation [13]. The
response of vasodilatation in acupuncture is assigned
partially to the sympathetic nervous system [14]. The
conclusion can be drawn that EA stimulation applied
immediately on a tissue defect does not influence bleeding
of the wound, even though EA is well known to enhance
local vasodilatation. In acupuncture, mastocyte deregula-
tion is thought to result in the release of an important
quantity of histamine, which signifies its important role inTable 3 Epidermal thickness, including the mean (x), the stand
three measurements, in the control group (C) and the test group
Group Epidermal thic
C T Rabbits C
Day 2 D
C1 T1 33.31
C2 T2 34.39
C3 T3 32.9
C4 T4 32.87 1
C5 T5 34.76
The mean of the group (x) 33.64
The standard deviation (s) 0.87
The standard error of the mean (SE) 0.39
EA Z electroacupuncture.vasodilatation. Local capillary vasodilatation prolongs
bleeding, which assists the infiltration of blood between
interstitial tissue layers. Accentuations of local intertissue
bleeding were pathologically confirmed by the presence of
a thin layer of hemorrhagic infiltrate, with adherences
between the subcutaneous tissue and the muscles in the
EA-stimulated area (Table 4). The local vasoactive reaction
prolongs limited temporal bleeding, which is an important
stage for a contra-reaction expressed by pregnant absorp-
tion of biologic liquids (plasma, intercellular, and intra-
cellular components). Local blood reabsorption builds up an
important tissue matrix between the layers (skin and mus-
cle), but such build ups were not recorded except for the
third stage (Day 6) in the control group (Table 4). In
conclusion, the initiation of temporal vasodilatation and
the existence of limited local microhemorrhages represent
an important stage in the formation of a new matrix
responsible for the adherences between the skin and
muscle, which play a mechanically important role in sta-
bilizing the tissue layers and reducing their mobility.
In local dry needling stimulation, the insertion of
acupuncture needles surrounding the wound is called
“fencing the dragon” or “surrounding the dragon” which is
a method of Traditional Chinese Medicine. By using local EAard deviation (s), and the standard error of the mean (SE) of
(T).
kness measurement (mm)
Rabbits T (EA)
ay 4 Day 6 Day 2 Day 4 Day 6
58.63 98.9 40.13 82.31 107.1
78.81 82.13 36 64.37 98.4
77.62 111.09 43.17 85.67 112.37
03.09 67.63 38.06 71.32 88.23
65.87 98.13 35.7 90.34 109.21
76.8 91.57 38.48 78.8 103.04
16.92 16.88 3.1 10.68 9.77
7.56 7.54 1.39 4.77 4.37
Figure 2 Histological examination of a cutaneous defect
showing a fibrin-leucocyte crust (black arrow), epidermal hy-
perplasia (blue arrow) and subepithelial fibroplasia (white
arrow) on the skin of a rabbit in the control group after 6 days.
H&E staining was used, and the bar Z 200 micrometers.
Figure 4 Histological examination of a cutaneous defect
showing a fibrin-leucocyte crust (black arrow) and fibroplasia in
deep layers (blue arrow) on the skin of a rabbit in the test
group after 6 days. H&E staining was used, and the bar Z 200
micrometers.
Influence of EA on the Soft Tissue Healing Process 247stimulation, the number of acupuncture needles can be
limited to just two needles with a higher intensity and
frequency for the stimulus. Distant stimulation is repre-
sented by the general distant acupoints and is mainly
applied for dermatologic conditions based on immuno-
modulatory, anti-inflammatory, and analgesic effects. By
using a specific EA stimulation in this study, we aimed to
concentrate the electric charge on a small tissue area, so as
to cross as many direct tissue defects as possible and to do
so equally for both directions of the electrons’ motions
between the needles. If a single peripheral EA stimulation
were to be designed for this type of study, it would influ-
ence the migration of electrons over a long distance and
large area, stimulate all groups of muscles and skin layers in
that area, and allow the magnitude of the stimulus that
should be applied to each tissue defect to be estimated. As
a result, the best option for measuring the effect of local
EA stimulation is to insert the needles close to the defect,
at an equal distance from the defect for both needles. AFigure 3 Histological examination of the cutaneous defect
revealing epidermal hyperplasia (black arrow) and sub-
epithelial fibroplasia (blue arrow) on the skin of a rabbit in the
control group after 6 days. M&T staining was used, and the bar
Z 100 micrometers.high frequency (80 Hz) was used in this study to induce local
sedation [15], which is used for the treatment of pain in
animals or for surgical analgesia [16]. By adjusting the
frequencies f1 and f2 (f1 < f2), we obtained a composite
wave of alternating frequencies f1 and f2 that had the
characteristics of a dense-disperse wave. In a dense-
disperse wave, the stimuli delivered to the tissues can
gradually adapt to repeated impulses followed by a
decreased number of impulses, which provides continuous
stimulation at a constant, high level with no adverse impact
on the cells.
The inflammatory phase is essential in the reparatory
process and occurs quickly (in a few hours) with a maximum
reaction in 2e3 days (Fig. 6). The inflammatory process
involves two important moments represented by the
vascular and the cell cascades. The mediators represented
by mastocytes, platelets, and basophiles are the core of the
vascular-cell response. Fibrin and fibronectin form a sub-
strate to facilitate the accession of various cells. The base
of the vasodilatation effect induced by acupunctureFigure 5 Histological examination of a cutaneous defect
revealing epidermal hyperplasia (black arrow) and sub-
epithelial fibroplasia (blue arrow) on the skin of a rabbit in the
test group after 6 days. M&T staining was used, and the bar Z
100 micrometers.
Table 4 Morphopathologic aspects of the soft tissue defects and the biopsy samples collected during the study.
First collection:Day 2 Second collection:Day 4 Third collection:Day 6
Control group (C)
Skin aspect Dry, soft surface, gap in the
skin at tissue defect
As previous Skin surface slightly
raised
Collection of the
biopsy sample
Akin detached from the muscle As previous Adherences between
the layers
Test group (T)
Skin aspect Dry, soft surface, well-formed crusts Dry, skin surface slightly raised,
nodular aspect under palpation
Dry, decreased nodular
aspect under palpation
Collection of the
biopsy sample
Hemorrhagic infiltrate, fragile
adherences (skin and muscle)
Adherences between the layers
(skin and muscle)
As previous
248 V. Parmen et al.describes a series of mediators represented by histamines,
leukotrienes, prostaglandins, bradykinin, kinin protease,
acetylcholine, immunity-cell enhancement, and vasoactive
phase stimulation [17]. In this study, vasodilatation induced
by EA made local permeabilization of lymphatic and
sanguine circulation from the tissues easier. The humoral
process, which is represented by the phagocytes’ attraction
and by the stimulation mechanism itself, promotes the
removal of dead cells from the wound. Leukocytes partic-
ipate in the mechanism of phagocytosis of foreign particles
(dead cells, bacteria) whereas monocytes turn into mac-
rophages [18]. Macrophages are released as a result of the
local bleeding and the damaged tissue. Macrophages pro-
duce mediators with a stimulative effect on the prolifera-
tive phase [11]. White blood cells and a small number of red
blood cells leave the blood vessels in a passive process [19].
The activation mechanisms of local vasodilatation
determine the reduction in the inflammatory phase when
bipolar EA is applied. The presence of cortisol in the systemic
circulation as a result of the hypothalamus-pituitary-adrenal
axis [19] determines the reduction in the inflammatory
phase. Even though the use of halothane as a general anes-
thetic is recognized as increasing adrenocorticotropic hor-
mone, aspartate aminotransferase, alanine transaminase,
blood urea nitrogen, cortisol, glucose, and creatinine [20],
the exposure to this anesthetic gas wasmade for a short time
in equal parts for both groups (control and test). In conclu-
sion, a reduction in the inflammatory grade is initiated early
in the proliferation phase.
The proliferation phase involves the production of tissue
(of collagen material). It begins after 24 hours or 48 hours,
with a peak in 2e3 weeks, and can last for a few months.Figure 6 The graph represents the trend of the inflammatory, fi
stages (days 2, 4 and 6) recorded in the control (C) and the test (TFibroblasts and endothelial cells migrate from the healthy
tissues to the wound. Fibroblast proliferation and intense
activity facilitates interposition of the collagen fibers and
angiogenesis [21]. Myofibroblasts initiate early contraction
of the wound. Histological analysis of the fibroblasts did not
reveal any difference between the two groups. Assessment
of the degree of fibrous proliferation showed a low activity
in stage 1 (Day 2), the period being dominated by the in-
flammatory reaction that preceded the proliferation phase.
In the second stage (Day 4),mild proliferative activitywas
recorded in the test groupwith a distinct difference in trends
between the groups (Fig. 2). In the last experimental stage
(Day 6), the proliferation was increased in both groups with a
similar trend. In the layer of the muscle defect, focal
mineralization, infiltration with macrophages surrounding
the necrotic tissue area, and replacement of muscle cells
with granulation cells were microscopically identified. In
both groups, granular dystrophy basophilia mineralization in
the muscle was recorded. This phenomenon occurs as a
secondary effect of cell necrosis. Focal mineralization has
been described by using an incipient granulomatous reaction
of the endogen foreign bodies (mineral salts) with moderate
macrophages infiltration. The process of electrolysis is
commonly encountered in any tissue that is electrically-
stimulated in one direction for a long time. When we
applied bipolar EA to a tissue defect, the electrolysis process
expressed by local tissue necrosis was not observed.
The stages of the histological changes in a tissue defect
is associated with an increase in the amount of fibrous
conjunctive tissue and with a reduction of inflammation
due to neutrophils, eosinophils, and mononuclear blood
cells. A lack of adherence between the tissue layersbrous proliferation, and epidermal thickness in three different
) groups.
Influence of EA on the Soft Tissue Healing Process 249explains the detaching of the skin from the muscle in the
biopsy sample in the control group. Due to increased
mobility of the skin from the anatomical area in the study,
the process of recovery was delayed in the control group,
which showed a lack of adherences; however, the process
was noted in the early stages (Day 2) in the test group,
which had undergone stimulation by using EA (Table 4). The
mechanical stress in the tissue from the anatomical area
involved in this study was reduced in the test group, which
had undergone stimulation by using bipolar EA. This study
did not include an analysis of the remodeling phase, which
normally begins in 2e3 weeks.
In conclusion, the following may be deduced: (1) bipolar
EA reduces the inflammatory grade of the inflammatory
phase; (2) the fibrous proliferative grade is enhanced by
using bipolar EA on Day 4; (3) the dynamics of epidermal
changes in group T suggest that the thicknesses recorded in
all stages (Day 2, Day 4, and Day 6) are enhanced by using
bipolar EA; (4) bipolar EA facilitates a low mechanical stress
in tissue and has a positive effect on the healing of
muscular defects; (5) bipolar EA has no side effects in the
soft tissue healing process; and (6) bipolar EA enhances
wound healing.
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